Neurosurg Focus 44 (6): E14, 2018 M eningioMas are the most common type of CNS tumor, and account for approximately 20% of intracranial tumors. 6, 27 Meningiomas can be variable in size and location, and produce a variety of symptoms that include changes in vision, seizures, headaches, gait dysfunction, and hearing loss.
grade. After 5, 10, and 15 years following a total resection patients had a 6%, 15%, and 20% risk, respectively, of having a second surgery due to recurrence, compared to 25%, 54%, and 84% for STRs. 27 The grade of resection is correlated with the recurrence rates of meningiomas. 1 Aggressive meningiomas that are classified as WHO grade II or III that have undergone a complete resection have shown lower recurrence rates compared with partial resections of slow-growing tumors. 1 Adegbite et al. also noted that overall, partial resections had a higher rate of recurrence, but most patients in this scenario will have a period of time in which they are asymptomatic. 1 Complete resections remain the optimal safeguard against tumor recurrence, although studies reported recurrence rates of 4%-15% with complete resections of slow-growing WHO grade I tumors. 1, 27, 40 Histopathological grade has been shown to strongly contribute to the risk of recurrence. WHO grade II and III meningiomas have aggressive features and potentially unpredictable outcomes. 12 A study found the 5-year survival rate for WHO grade II meningiomas to be 78%, compared to 44% for WHO grade III meningiomas. 17 Studies have noted postresection recurrence rates for WHO grade I (benign) meningiomas to be 3%-14%, followed by 30%-45% for WHO grade II (atypical), and 74%-78% for WHO grade III (anaplastic). 17, 25, 29 Meningiomas can be slow growing and remain asymptomatic for long periods of time. However, for many patients with meningioma, quality of life can be drastically reduced due to both physical and psychiatric symptoms of meningiomas. A study of 79 patients with meningiomas found that 21% of patients showed only psychiatric symptoms. 14 Meningiomas, dependent on location, may present with neuropsychiatric symptoms in early stages. 41 For example, mood and personality disorders have been associated with frontal tumors. 23 Additionally, mental status changes have been noted as primary symptoms in 18% of patients with supratentorial lesions and 5% with infratentorial lesions. 23 Others have noted that 90% of frontal tumors produced changes in mental status and personality and other symptoms than can resemble depression, anxiety, and schizophrenia. 30, 31, 41 Moreover, Lampl et al. found that skull base meningiomas were free of psychiatric symptoms, while 44% of convexity lesions presented with psychological symptoms (mostly depression). 20 Other studies have found that apathy scores, a hallmark of depression, were highest in patients presenting with medial frontal falcine meningiomas, followed by ventral frontal tumors. 30 The pharmacological management of psychiatric symptoms, notably depression, consists of treatment with antidepressants (ADs), most commonly selective serotonin reuptake inhibitors (SSRIs). SSRIs have shown to be neuroprotective against gliomas by producing a controlled environment of calcium ions that play a role in cell metabolism. 23 It is believed that the influx of calcium ions for a prolonged period from SSRI administration causes disruption in the mitochondrial matrix that triggers apoptosis. 22, 23 However, the role of AD use has been scarcely studied in meningioma patients. 18 Cea-Soriano et al., in a large analysis of 745 meningioma patients with 10,000 matched controls, found that short-term AD use (< 1 year) and overall use was associated with an increased risk of meningioma development compared to AD-free individuals. 6 This finding, however, may be complicated by the possibility that the depression symptoms were early signs of meningioma. 18 Studies associating SSRI use with meningioma incidence are not established, but a direct effect cannot be excluded.
A presentation of sudden depressive symptoms, often treated with ADs, may reflect an early manifestation of meningioma or an early sign of recurrence after resection that may remain undiagnosed until other, more common symptoms arise. In the present study, the postoperative behavior of meningiomas was followed to assess whether patient and tumor characteristics, most notably history of AD use, may be predictive of future meningioma recurrence.
Methods

Patient Population
The retrospective study was approved by the medical center IRB. Medical records of 112 patients who presented to our medical center from 2011 to 2014 who had at least 3 years of follow-up after primary meningioma resection were reviewed (median 4.18 years, interquartile range [IQR] = 3.43-4.88 years). Seven patients were excluded due to nonintracranial meningioma (e.g., spinal) and/or insufficient data, resulting in a final sample of 105 patients. Demographics collected included community-level socioeconomic status (SES), which was obtained by identifying the median family income of the zip code which the patient reported as their primary residence (https:// www.psc.isr.umich.edu/dis/census/Features/tract2zip/), then categorized by greater or less than 200% of the federal poverty level (FPL: https://aspe.hhs.gov/prior-hhspoverty-guidelines-and-federal-register-references), 11 insurance status (public, private, or none), and access to a primary care provider. Tumor characteristics consisted of tumor volume; presence of edema; location, categorized both as 1) either skull base or in convexity, parasagittal, or falcine (CPF) areas and 2) respective lobe or skull base location; histopathological grade (WHO grade); Simpson grade of resection (denoted as complete or subtotal); and postresection recurrence (Table 1) .
AD Use
Of the 105 patients included in the analysis, 29 had a recorded history of AD use ( Table 2 ). AD name, type (e.g., SSRI or norepinephrine-dopamine reuptake inhibitor [NDRI]), dosage, and duration of use were collected. The period of use identified whether patients began AD use prior to meningioma resection only, after resection only, or continued use both prior to surgery and after. For patients with recurrence, length of time from AD prescription until recurrence was also recorded.
Statistical Analysis
Comparisons according to AD use groups were evaluated using Pearson's chi-square or Fisher's exact tests and Student t-tests or Mann-Whitney U-tests where appropriate. Univariate analyses of each preoperative and tumor characteristic on clinical outcomes were conducted using logistic regression models. Clinical characteristics on univariate analysis that demonstrated a p value ≤ 0.10 were included as covariates in the adjusted multivariate model. Multivariate analysis consisted of a stepwise logistic regression model. Analyses were performed using a standard statistical package (IBM SPSS, version 22.2).
Results
Patient Population
Patient demographics and tumor-specific characteristics grouped by AD use are listed in Table 1 . The overall sample had a mean age of 55.7 years, included 80% females, and consisted of 48.6% white, 12.4% African American, 12.4% Hispanic, 8.6% Asian, and 6.7% other Patients did not significantly differ in age, sex, or race distributions, community-level SES, insurance status, or use of a primary care provider by AD use (p values > 0.05). More meningiomas were located in CPF regions in the AD use group (72.4% vs 51.3%, p = 0.035). However, there were no differences in specific tumor location or laterality (p = 0.17 and 0.33, respectively). Median tumor size, presence of vasogenic edema, grade of resection, and distribution in WHO grade also did not differ between AD use groups (p values > 0.05). Postoperatively, patients using ADs experienced significantly more tumor recurrences (37.9%) than those not taking an AD (15.8%, p = 0.013).
AD Use
Specific AD use patterns are shown in Table 2 . Of the 29 patients with a history of AD use, most (93.1%) were prescribed an SSRI. The majority of patients (93.1%) were taking an AD after resection (44% [12/27] of those also prior to surgery) while 2 (6.9%) took an AD prior to resection only and 15 (51.7%) began AD use after. Of those starting an AD prior to surgery, median length of use until surgery was 16.0 months. For the remaining patients, a median of 21.1 months passed before AD prescription. Overall, patients were taking an AD for a median total length of 41.4 months. The median length of time from starting an AD until tumor recurrence was 36.6 months.
Associations With Tumor Recurrence
On univariate analysis, AD use was significantly associated with meningioma recurrence (odds ratio [OR] 3.26, p = 0.019) in addition to male sex, preoperative radiation treatment, subtotal grade of tumor resection, and WHO II or III tumor grade (p values < 0.05; Table 3 ). Presentation with gait dysfunction and current smoking status were also found to be associated with meningioma recurrence at a trend level (p = 0.065 and 0.068, respectively) Multivariate analysis demonstrated that, in addition to an STR and WHO II or III tumor grade (p ≤ 0.001), AD use was a significant independent predictor of meningioma recurrence (OR 3.42, p = 0.045).
As depicted in Fig. 1 , within patients with WHO grade I tumors, there were no significant differences in recurrences between those located in CPF or skull base regions (p = 0.77), while 77% of tumors located in CPF regions recurred relative to 33% of skull base located tumors within patients with WHO grade II or III meningiomas only, although the difference was not significant (p = 0.21). Similarly, within patients without a history of AD use, there were no differences in tumor recurrence between CPF or skull base regions (p = 0.76), while observationally there was a greater percentage of recurrence in CPF regions (43%) compared to the skull base (29%) among those patients using an AD, although the difference was not statistically significant (Fig. 2) .
Patients using an AD who had a recurrence after resection are detailed in Table 4 . These patients were 73% female and ranged from 36-66 years at the time of resection. A large proportion (45%) had WHO grade II or III tumors. Specifically, 3 of the 4 total patients in the overall sample with WHO grade III tumors were using an AD and later experienced tumor recurrence. Length of AD use ranged from 1.9-10.4 years and meningiomas recurred as short as 6 months up until more than 13 years after initial resection.
Discussion
The present study demonstrated that a WHO grade II/ III meningioma was an independent predictor of recurrence. Patients with a WHO grade II/III tumor were more than 17 times more likely to have a recurrence compared to those with WHO grade I histopathology (p < 0.001, 100% of patients in the current sample with WHO grade II and III, respectively, who had a recurrence after resection, while only 13% of WHO grade I tumors recurred. The degree of meningioma resection is also known to be a predictor of the risk of recurrence. 17, 26, 32 In the present sample, STRs were 12 times more likely to recur relative to complete resections. This is comparable to past work demonstrating partial resections with about a 5-times higher risk of recurrence at 5 years and 3-times higher risk at 15 years compared to complete resection. 27 Meningiomas may only be partially resected due to proximity of the tumor to crucial vasculature structures, or due to difficulty of tumor access. 26, 27 However, even a complete removal of a WHO grade II or III meningioma is unreliable because cells can be unnoticed dependent on location. 17 The aggressive nature of the higher histological grade tumors causes residual cells to multiply, becoming problematic in the following years after surgery. In addition to histopathological grade and resection grade, interestingly, AD use was found to be an independent predictor of recurrence. AD use has been correlated with the risk of developing a meningioma in a prior large study, 6 but a paucity of past studies have investigated this relationship. In this analysis, Cea-Soriano et al. found an association between both overall and short-term (< 1 year) AD use and meningioma incidence in a nationwide sample of almost 750 patients with meningioma and 10,000 matched control cases. Patients with a meningioma were 1.5-2 times as likely to be using ADs compared with ageand sex-matched controls. While the study did not evaluate recurrence rates, the results demonstrated a clear association between AD use and meningioma incidence relative to controls. 6 SSRI use, however, has been shown to be neuroprotective against the occurrence of gliomas. 5, 22, 23 Levkovitz et al. found that SSRI use caused concentration-dependent apoptosis and DNA fragment degradation in glioma cells. Even though SSRI use has been shown to be neuroprotective against gliomas, in contrast, our study shows that AD use was associated with increased recurrence rates. SSRI use impacts the CNS by increasing the transmission of serotonin, which can promote mitosis and proliferation in an array of cancer types. 21, 35 Because mitotic activity is a key predictor of meningioma recurrence risk, SSRI use may possibly have a role in expediting this process. Furthermore, AD use has been linked to an increase risk for other cancer types, including ovarian and breast cancer. 9, 15 Cotterchio et al. found that greater than 2-year use of paroxetine was associated with a 7-fold increase in breast cancer incidence. 9 Similarly, a case-control analysis by Harlow et al. noted that AD use was associated with twice the risk of ovarian cancer development, 15 but more recent studies have not replicated this finding. 8, 28, 38 Thus, it is possible that AD use may similarly have a larger role in the clinical outcomes of meningiomas than initially expected.
Psychiatric dysfunction may be an early, or only, symptom in the presentation of a meningioma. 18, 24 Past studies have noted that higher incidences of depression were associated with meningioma location or extent of edema, likely through pressure on specific brain regions. 20, 24, 30 However, the present study did not find any difference between peritumoral edema and AD use (p = 0.12) or tumor size (p = 0.43). It is possible that these findings suggest that vasogenic edema alone might cause depression, but could contribute to depressive symptoms if located near mood regulation pathways.
In regard to tumor location, prior studies have found that meningiomas located in frontal lobe or anterior regions were associated with higher depressive symptoms. 13, 16, 20, 39 Yakhmi et al. concluded in multiple cases that frontal meningiomas had a higher risk of developing depression symptoms, and Hendrix et al. recently noted an increase in depression scale scores for tumors located at the frontal lobe relative to nonfrontal locations. 16, 39 The present study, in contrast, although not assessing depression symptoms directly, did not find a specific difference in AD use between frontal-or anterior-located meningiomas (p = 0.17). However, tumors located in CPF regions were found to be associated with greater AD use relative to tumors in skull base regions (p = 0.035). Seventy-three percent of patients using ADs had meningiomas located in CPF regions compared to about half of non-AD users. Previous work has found that patients with skull base tumors showed decreased signs of psychiatric symptoms compared to convexity meningiomas, 20 and others reported cases of meningiomas causing early depression symptoms without typical neurological symptoms. 14, 37, 41 While there is overlap between CPF and frontal or anterior regions, past work has delineated, to an extent, what symptoms are associated with specific tumor locations. 10, 24, 40 For example, convexity meningiomas are associated with memory and emotional dysfunction.
14, 41 The falcine and parasagittal meningiomas can cause pressure on the medial aspect of the frontal lobe. Primate studies have demonstrated that damage to the medial frontal lobe decreases interest in activity. 30, 34 Pressure on limbic structures such as the anterior cingulate gyrus may play an important role in motivation. 10, 30 Compression of this structure may cause reduction in motivation, emotion regulation, and executive function. 4, 10 Furthermore, functional imaging has implicated the medial prefrontal cortex (mPFC), a region also located in the proximity of parasagittal and falcine areas, with processing of negative emotional stimuli. 2, 3 Treatment with an AD has been shown to modulate activation of the mPFC during negative stimuli appraisal. 3 Moreover, tumors of parasagittal regions involving pericallosal areas can affect integral limbic structures that contribute to emotion regulation. 33 Thus, CPF tumors, relative to skull base-located tumors, may lead to a disruption of key cortical-subcortical networks involved in mood and emotion regulation. 20, 33 Given that AD use was found to independently predict the risk of meningioma recurrence, a proposed mechanism for this association is modeled in Fig. 3 . It has been well established, both in the present study and past work, that CPF-located tumors are associated with more aggressive WHO grade II or III histopathology relative to skull base-located tumors. 12, 30, 41 Similarly, WHO grade II or III tumors are subsequently correlated with increased rates of recurrence, which was replicated in the present study. As depicted in Fig. 1 , there is a disparity among the frequency of WHO grade II or III tumors in CPF regions compared to skull base regions (p = 0.042) and, further, it is the CPFlocated tumors that appear to drive the increased recurrence rate (77%) noted in the WHO grade II or III tumors, although a statistically significant difference could not be established.
However, CPF-located tumors were also found to be associated with AD use, which may represent a risk of depression or other affective symptoms, likely through mass effect disruption of underlying neural processes, and can separately predict an increased risk of meningioma recurrence (Fig. 3) . Figure 2 demonstrates a significant difference between the AD use among patients with either CPF or skull base tumors (p = 0.035). Similar to the pattern seen with histopathological grade, the CPF-located tumors appear to most strongly affect the increased recurrence rate noted in patients with AD use relative to patients with skull base-located tumors (43% vs 29%), but a significant statistical difference was not reached due to the small group size, while there was no difference in recurrence rates among patients without AD use. Thus, it is possible CPF versus skull base tumor location can be a notable determinant of both risk of AD use (and therefore depression symptoms) and the likelihood of more aggressive tumor grade, which subsequently would increase the risk of recurrence. Larger studies are needed to investigate this proposed relationship further.
Patients with a current or past history of AD use who experienced a recurrence are described in Table 4 . A large proportion of patients had WHO grade II or III tumors, which is consistent with past work showing higher risk of recurrence with high-grade meningiomas. 7, 17, 29 Interestingly, 3 of the only 4 patients in the overall sample with a WHO grade III meningioma were not only using an AD but also had a meningioma recurrence. Of note, 91% of overall patients began AD use or continued after meningioma resection, which may indicate early signs of meningioma growth prior to typical neurological presentation, although reactive depressive symptoms to the diagnosis may have a role. The tumors recurred in 6 months to 8 years for WHO grade II or III types and in about 2-13 years in WHO grade I type tumors after resection. This finding is comparable to those in past studies demonstrating a mean length of time to recurrence of 7.5 years for WHO grade I and 2-4 years for WHO grade II or III meningiomas.
17,19
With little past work on the physiological impact of highgrade tumors and depression, it is possible that their recurrence in certain areas of cortex can potentially cause disruptions of mood pathways.
The present study contains several important limitations. First, one is cautioned that the findings regarding depression and psychiatric symptoms are concluded from retrospective AD prescription and length of use, not from a formal diagnosis of depression. While the relatively small size of the present sample can be attributed to the specific exclusion criteria, chiefly a minimum of 3 years of followup, patient characteristics, patterns of AD use, and clinical outcomes were more closely monitored than in related past studies. Due to this limitation, the study potentially missed capturing earlier effects on recurrence in patients with fewer than 3 years of follow-up after resection. Thus, larger prospective studies are needed to specifically investigate depression history and AD use in the context of short-and long-term risk for meningioma recurrence and other clinical outcomes.
Conclusions
Current or prior history of AD use was found to independently predict the risk of meningioma recurrence after resection, even controlling for patient and tumor characteristics including histopathological grade and extent of resection. Specifically, CPF-located tumors were associated with higher use of ADs relative to skull base-located meningiomas and increased frequency of WHO grade II or III histological subtype. Thus, in addition to the wellestablished association of CPF location and more aggressive pathology, we proposed that CPF-located tumors may also be related to depression symptoms, possibly due to location-specific disruption of underlying mood regulation circuits, which can independently predict the risk of recur- rence. However, given the increased prevalence of AD use, further studies are warranted to investigate the possible relationship between AD use, depression symptoms, and the risk for postresection recurrence in order to determine the best management of patients with meningioma.
